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AB Elements that can be used to increase the efficiency of translation of 
foreign genes on plastid ribosomes are described. Specifically, 
variants of the downstream box (DB) that lies 3' of 

the Shine -Dalgrano sequence and that is involved in interaction with the 
16S rRNA in the ribosome are described. A series of variants of known 
downstream boxes were generated and tested for their effects on the level 
of expression of a bacterial gene (the .beta . -1 , 4-endoglucanase gene of 
. Acidothermus El) from a bacteriophage T7 promoter in tobacco plastids. A 
clear effect of the DB on the efficiency of translation was obsd. 
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Complementarity of the 16S rRNA penultimate stem with sequences downstream 
of the AUG destabilizes the plastid mRNAs. 
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Escherichia coli mRNA translation 

downstream of the initiation codon, called Shine -Dalgarno (SD) 
downstream box (DB) sequences, respectively. In E.coli 

enhancing the complementarity between the DB sequences and the 16S rRNA 
penultimate stem resulted in increased protein accumulation without a 
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significant affect on mRNA stability. The objective of this study was to 
test whether enhancing the complementarity of plastid mRNAs 
downstream of the AUG (downstream sequence or DS) with the 16S rRNA 
penultimate stem (anti-DS or ADS region) enhances protein accumulation. 
The test system was the tobacco plastid rRNA operon promoter 
fused with the E.coli phage T7 gene 10 (T7gl0) 5 ' -untranslated region 
{5'-UTR} and DB region. Translation efficiency was tested by measuring 
neomycin phosphotransferase (NPTII) accumulation in tobacco chloroplasts . 
We report here that the phage T7gl0 5 ' -UTR and DB region promotes 
accumulation of NPTII up to apprxl6% of total soluble leaf protein (TSP) . 
Enhanced mRWA stability and an improved NPTII yield (apprx23% of TSP) was 
obtained from a construct in which the T7glO 5 ' -UTR was linked with the 
NPTII coding region via a Nhel site. However, replacing the TVglO DB 
region with the plastid DS sequence reduced NPTII and mRNA 
levels to 0.16 and 28%, respectively. Reduced NPTII accumulation is in 
part due to accelerated mRNA turnover. 
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translational control elements (TCE) are provided. 
This invention is based on the discovery that sequences downstream from 
plastid gene promoters enhance accumulation of proteins from the 
rbcL leader. The clpP, psbB, and psbA TCEs have distinct expression 
characteristics. Chimeric constructs comprise the strong plastid 
operon . sigma . 70-type promoter (Prrn-114) operably linked to the 
downstream box TCEs from the 5'-UTRs of mRNAs encoding 
tobacco atpB, clpP, rbcL, psbB, psbA, and phage T7 gene 10 products. . 
These 5' regulatory segments facilitate high level expression of 
transgenes introduced into the plastids of higher plants. High levels of 
expression in transplastomic lines are obsd. for various reporter systems 
including {1) neomycin phosphotransferase II, (2) the bar gene encoding 
phosphinothricin acetyltransferase from Streptomyces hygroscopicus and 
synthetic bar genes, (3) and fusion constructs of the aadA coding region 
linked to the green fluorescent protein gtp gene. 
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AB Plastid transformation in higher plants is accomplished through 
a gradual process, during which all the 300-10,000 plastid 
genome copies are uniformly altered. Antibiotic resistance genes 
incorporated in the plastid genome facilitate maintenance of 
transplastomes during this process. Given the high number of 
plastid genome copies in a cell, transformation unavoidably yields 
chimeric tissues, which requires the identification of transplastomic 
cells in order to regenerate plants. In the chimeric tissue, however, 
antibiotic resistance is not cell autonomous: transplastomic and wild- type 
sectors both have a resistant phenotype because of phenotypic masking by 
the transgenic cells. We report a system of marker genes for 
plastid transformation, termed FLARE- S, which is 

obtained by translationally fusing aminoglycoside 3 " -adenyltransf erase 
with the Aequorea victoria green fluorescent protein. 3 " -adenyltransf erase 
(PLARE-S) confers resistance to both spect inomycin and 
streptomycin. The utility of FLARE-S is shown by tracking 
segregation of individual transformed and wild-type plastids in tobacco 
and rice plants after bombardment with PLARE-S vector DNA and 
selection for spect inomycin and streptomycin resistance, respectively. 
This method facilitates the extension of plastid transformation 
to nongreen plastids in embryogenic cells of cereal crops, 
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AB The ultrastructure of the early stages of carposporophyte development in 
the marine red alga Chondria tenuissima has been studied. The diploid 
carposporophyte grows on the gametophyte. Apical gonimoblast cells develop 
into diploid carpospores. The basal gonimoblast cells cease to divide and 
undergo considerable cytoplasmic changes before they become incorporated 
into the expanding fusion cell. Nucleus and plastids degenerate gradually, 
while mitochondria remain intact. The smooth endoplasmic reticulum becomes 
prominent, it seems to produce small vesicles with electron dense 
contents. Simultaneously, numerous mucilage sacs are formed, presumably 
from dilating ER cisternae. The contents of the mucilage sacs are secreted 
by exocytosis. The pit connections between gonimoblast cells flare 
out. They remain as isolated bodies without connection to a wall after 
fusion. Secondary pit connections occur between vegetative gametophyte 
cells and sterile cairposporophyte cells. There are three different 
morphological types of pit connections. 
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